
National Aeronautics and

Space Administration

Lyndon B. Johnson Space Center
Houston, Texas 77058

.................. Ha

il

D(L'_tC_ m_AGEMENT SERVICES

.ums'vl,,_ZLECm0N,0SOMSl0._ CHRYSLERcoRPORATION



August 1979

DMS-DR-2475

NASA-CR-160,509

PRESSURE DISTRIBUTION AND INTEGRATED

LOADS AT FOUR STATIONS ON THE SPACE SHUTTLE

EXTERNAL TANK LOX FEEDLINE (LA140)

Prepared under NASA Contract Number NAS9-13247

by

Data Management Services
Chrysler Huntsville Electronics Division/Slidell Engineering Office

Slidell, Louisiana 70458

for

Engineering Analysis Division

Johnson Space Center
National Aeronautics and Space Administration

Houston, Texas



WINDTJNNELTESTSPECIFICS:

Test Number:
NASASeries Number:
Model Number:
Test Dates:
OccupancyHours:

NASA/LaRC16-342
LA140
89-0TS
December26, 1979 - January 3, 1980
8O

FACILITYCOORDINATORand
PROJECTENGINEER:

W. I. Scallion
Langley Research Center
Vehicle Analysis Branch
Mail Stop 365
Langley Station
Hampton,Virginia 23665

Phone: (804) 827-3911

DATAMANAGEMENTSERVlCES:

Prepared by: Liaison--J. E. Vaughn
Operations--G. Klug

Approved: /0. _./_

J L
_ata" G1y_,JM'a'n'a'ger

Opera't9ons

Concurrence:,

N%. D. Kemh,-Manag_r

Data Management Services

Chrysler Huntsville Electronics Division/Slidell Engineering Office
assumes no responsibility for the data presented other than display
characteristics.

ii



PRESSURE DISTRIBUTIONAND INTEGRATED

LOADS AT FOUR STATIONS ON THE SPACE SHUTTLE

EXTERNAL TANK LOX FEEDLINE (LA140)

Abstract

An experimental wind tunnel investigation was conducted in the

NASA/LaRC Unitary Plan Wind Tunnel on a 2% scale model representation

of the Space Shuttle launch configuration (Model 89-0TS). The External

Tank liquid oxygen feedline was instrumented at four stations (tank

stations 1100, 1525, 1950, 2000) with circumferential pressure

orifices for the determination of local aerodynamic loads at these

points. Tests were conducted over a Mach number range from .90 to

1.25 at angles of attack from -50 to 50 at sideslip angles of 0o to

50 and at angles of sideslip from -50 to 50 at angles of attack of

0o and -50 . Reynolds number was approximately 4 million per foot.

Plotted and tabulated results are presented in this report.
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SYMBOL

Cp

d

M

PL

q_

RN

T

X

MNEMONIC

Cp

CNAUN

CNBUN

CNNUN

CNSUN

CYAUN

CYBUN

CYNUN

CYSUN

MACH

PO

P

QO

RN/L

TO

XT

NOMENCLATURE

DEFINITION

pressure coefficient, Ap/q

section normal force coefficient of LOX
feedline at station II00

section normal force coefficient of LOX
feedline at station 1525

section normal force coefficient of LOX
feedline at station 1950

section normal force coefficient of LOX
feedline at station 2000

section side force coefficient of LOX
feedline at station II00

section side force coefficient of LOX
feedline at station 1525

section side force coefficient of LOX
feedline at station 1950

section side force coefficient of LOX
feedline at station 2000

LOX feedline diameter, I inch

Mach number

tunnel static pressure, psia

local static pressure, psia

tunnel dynamic pressure, psia

tunnel unit Reynolds number, million/foot

tunnel temperature, OF

longitudinal or axial direction or tank
station
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SYMBOL

Y

Z

O_

A

MNEMONIC

Y

Z

ALPHA

BETA

PHI

NOMENCLATURE (Concluded)

DEFINITION

lateral or side direction

vertical direction

model angle of attack, degrees

model angle of.sideslip, degrees

incrementalvalue

radial location of pressure orifice on

L0X feedline. PHI = 0 at top; measured

clockwise looking forward
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INTRODUCTION

Analyses of the results from a transonic wind tunnel test on a 3%

scale model Space Shuttle launch configuration (IAI05) indicated that

the aerodynamics loads on the external tank LOX feedline were such that

the design margins of the brackets supporting this line could be exceeded

during flight. Subsequently, the Shuttle Program Office at JSC requested

LaRC to obtain more detailed measurements of pressures on the LOX feed-

line at four stations where the loads were questionable. Model 89-OTS

was instrumented with pressure orifices at tank stations 1100, 1525,

1950, and 2000, see Figure 2, and tested in the Langley 16-foot tran-

sonic tunnel. The tests were conducted for an angle-of-attack range

of ±5o , at sideslip angles of 0° and 5° , and a sideslip range of ±5 o at

angles of attack of 0o and -5 ° . The test Mach numbers were 0.9, 1.10,

1.15, and 1.25, and the Reynolds number was approximately 4 x 106 per

foot.

This report presents both graphically and in tabulations the normal

and side force load (in non-dimensional coefficient form)obtained by

integration of the circumferential pressures at each of these stations.

The individual pressures and pressure coefficients are presented as

well.



CONFIGURATION INVESTIGATED

A 2% scale model representation of the Space Shuttle launch

configuration (model 89-0TS) was utilized for this investigation. The

external tank LOX feedline was instrumented with 12 pressure orifices

equally spaced radially around the pipe at four longitudinal locations;

station 1100, 1525, 1950, and 2000. The top of the pipe is on the

line emanating radially outward from the center of the tank and is phi

location 0°. Positive phi then is clockwise from the pilots view.

Figure 2 depicts the LOX feedline instrumentation.



TEST FACILITY DESCRIPTION

The Langley 16-Foot Transonic Tunnel is a single return, atmo-

spheric wind tunnel with an air exchange for cooling. The air exchange

tower has adjustable intake and exit valves to provide a small amount

of control over the tunnel air temperature. The maximum amount of air

exchange is approximately 20%. The tunnel is powered by two counter-

rotating fans, 34 feet in diameter, each driven by a 30,000 horsepower

electric motor. The fan blades have fixed pitch but their rotational

speed can be varied from 0 to 366 rpm by use of a variable frequency

power supply to the dirve motors.

The test section is 22 feet long with a 15.5 foot wide octagonal

cross-section. Each corner of the octagon has a longitudinal slot.

The slots terminate at the diffuser entrance. The test section and

model support system are enclosed in a cylindrical tank 32 feet in

diameter by 52 feet long. Wall divergence angle can be remotely varied

from 0° to 0.8 ° .

Test section freestream conditions vary over the following nominal

ranges:

Stagnation pressure

Stagnation temperature, OR

Unit Reynolds number,
million per foot

Mach number

Dynamic pressure_psf

Atmospheric

510 to 650

1.2 to 3.7

0.2 to 1.3

58 to 830

Models are mounted on a sting support system consisting of a

14-inch diameter cylindrical body (onto which the sting mounts) sup-

ported on a vertical strut cantilevered from a circular track under

the tunnel floor. The strut rotates to vary model angle-of-attack

8



TEST FACILITY DESCRIPTION (Concluded)

from -5o through 15o (with a straight sting). The center of rotation

is at tunnel station 134 (92.25 inches upstream of the cylindrical

body) on the tunnel centerline. This point is at the center of the

tunnel window. The strut does not rotate in roll or yaw.

Model forces and moments are measured by balances internally

mounted in the model. Force, pressure, and temperature data are

recorded on magnetic tape at a remote site using a Beckman 210 system.

The system can simultaneously record 99 analog channels of data. Data

sampling rate can be varied. An average of multiple samples is

normally used for data reduction. Data are reduced using a CDC 6600

series digital computer.

A shadowgraph system, utilizing divergent light from a high

pressure mercury lamp is available. The light rays pass through the

tunnel flow field onto the opposite tunnel wall, which serves as a

screen. The resulting shadow is photographed with a camera utilizing

an f2.5 lens at a shutter speed of 1/150 second.

9



DATA REDUCTION

Prior to running the test each orifice was checked for either

leakage or blockage. The orifice at phi location 330 o station 1950

was found to be blocked and of no use. All other orifices were

satisfactory and were each hooked to an individual pressure transducer

so that all pressures were measured and recorded simultaneously.

Orifice local pressures were referenced to tunnel static pressure

allowing a pressure coefficient to be calculated by:

Cp - Ap__
q_

where Ap = PL - P_

Force coefficients CN and Cy were computed by assigning a given

projected area to each orifice and summing the resulting products:

n

cN cpi
i:l

n

i=l

At station 1950 where the orifice at phi = 330 o was not func-

tioning, the areas were reapportioned to the remaining orifices before

integration. Figure 3 shows the integration scheme with applicable

area. The following equations were utilized:

I0



DATAREDUCTION(Concluded)

-CZ or +CN Cpi = _ CPl

i=1

- CP2

- CP3 Cp 5

+ CP8 + CP9

= .25882 (CP7 - CPl)

+ CP6 '

__
+ .22414 (CP6 + Cp8 - CP2 CP12)

+ .14645 (CP5 + CP9 - Cp3 - CP11)

n

Cy _ Cpi = - CP2 CP3

i=l

- CP4 - CP5 - CP6 CP8

+Cp9 cPlo CP11ITJ +CP12

= .25882 (CP10- Cp 4) + .22414 (CP9 + CP11- CP3 - CP5)

+ .14645 (CP8 + CP12- CP2 - Cp6)

11
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TABLE II.

TEST : LA 140 J
TEST CONDITIONS

DATE: 12-7-79

MACHNUMBER
REYNOLDSNUMBER

(perunitlength)

DYNAMICPRESSURE STAGNATIONTEMPERATURE

(degreesFahrenheit)(pounds/sq.inch)

•90 4.21 4.956 97

1.10 4.19 5.868 122

1.15 4.25 6.021 118

1.25 4.30 6,244 114

BALANCEUTILIZED:
Not Appl i cable

CAPACITY: ACCURACY:
COEFFICIENT
TOLERANCE:

NF

SF

AF

PM

RM

YM

COMMENTS:

13
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